chains were all derived from one germline sequence; is required for all immunoglobulin gene-specific modivariability was not randomly distributed, but instead fication reactions (somatic hypermutation, class switch amino acid changes tended to cluster in "specificity" recombination, and gene conversion). Parallels beregions; and replacements in such regions were sequentween these three reactions are considered in light of tially selected for by antigen. Hypermutation was later recent advances. 
. It is possible that there is a maximum allowed distance between enhancers and promoters beyond which they cannot effectively "communicate," but that within these boundaries a fair degree of flexibility is allowed (which might account for the different experimental results). Taken together, these data indicate that the transcriptional promoter determines the precise region that will mutate, in a locus that has been "licensed" for mutation by the enhancer. One influential model to emerge from these observations, put forward by Peters and Storb (1996; Storb et al., 1998b), proposes that a "mutatorsome" is recruited to the vicinity of the variable region by the Ig enhancer (Figure 2) . The complex, which is proposed to contain a nuclease, is then loaded onto the DNA through an interaction with the transcription machinery. It is postulated that this interaction can only happen between the enhancer and the preinitiation com- ). It remains unclear, the strongest predictor of hypermutability was, in fact, however, whether these experiments detected the primary sequence; the hottest nucleotide triplets were unique strand end of a SSB or, alternatively, one of the mutated most frequently, and if true hotspots were lacktwo strand ends generated by a DSB. Because of their ing, the least cold of the coldspots were preferred. Reabundance, location, and dependence on transcripgions of high predicted secondary structure (either DNA tional control elements, DSBs are likely to be the end or RNA) were not inherently highly mutable ( , 2000) . Surprisingly, the hotspots (Reynaud et al., 1999) . These results led NeuDSBs result in asymmetric DNA ends: the upstream end of the break (the end tethered to the promoter) is detectberger and colleagues to propose a two-stage model for SHM: a first phase that is hotspot focused, G/C nucleotides and preferentially at classic SHM hotspots. biased, and Msh2 independent, and a second phase, The results strongly support the idea that gene convertriggered by events at hotspots, that introduces A/T sion and SHM share a common, initiating DNA lesion biased mutations at non-hotspot regions and requires (presumably a DSB) and suggest that recombinational Msh2 (Rada et al., 1998). It is reasonable to think of the repair of a DSB gives rise to gene conversion when first phase as consisting of a DSB at a hotspot, followed templated from pseudogenes on the same chromoby repair that leads to a mutation close to the site of some, or SHM when templated off the sister chromatid the break. How the second phase of the reaction would (Figures 1 and 2) . Presumably, error-free homologous widen the distribution of mutations, and what role Msh2 repair using the sister chromatid occurs at a high rate plays in this process, is unclear. It is interesting to note in wild-type DT40 cells and is only revealed when the that SHM in frogs and of some Ig genes in sharks is repair process is "perverted" (and made error prone) by strongly G/C biased and hence resembles that in mouse disruption of XRCC2 or XRCC3 (Sale et al.
, 2001). B cells deficient in Msh2 (Diaz and Flajnik, 1998).
Homologous recombination between sister chromaMismatch repair in yeast and higher eukaryotes is tids is usually error free, so for DSB repair to lead to the thought to involve initial lesion recognition by a heterogeneration of mutations, a highly error-prone polymerdimer consisting of Msh2 and either Msh3 or Msh6, ase should be involved in repair synthesis. 
